
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

52
8 

38
3

A
1

TEPZZ¥5 8¥8¥A_T
(11) EP 3 528 383 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
21.08.2019 Bulletin 2019/34

(21) Application number: 17860920.2

(22) Date of filing: 25.09.2017

(51) Int Cl.:
H02P 27/08 (2006.01) H02M 7/48 (2007.01)

(86) International application number: 
PCT/JP2017/034454

(87) International publication number: 
WO 2018/070224 (19.04.2018 Gazette 2018/16)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 11.10.2016 JP 2016199851

(71) Applicant: Hitachi Automotive Systems, Ltd.
Hitachinaka-shi, Ibaraki 312-8503 (JP)

(72) Inventors:  
• IWAJI Yoshitaka

Tokyo 100-8280 (JP)

• OKAMOTO Naoki
Hitachinaka-shi
Ibaraki 312-8503 (JP)

• HANO Masaki
Hitachinaka-shi
Ibaraki 312-8503 (JP)

• UMETSU Takeshi
Hitachinaka-shi
Ibaraki 312-8503 (JP)

(74) Representative: MERH-IP Matias Erny Reichl 
Hoffmann 
Patentanwälte PartG mbB
Paul-Heyse-Strasse 29
80336 München (DE)

(54) CONTROL DEVICE AND CONTROL METHOD FOR ALTERNATING CURRENT MOTOR, AND 
ALTERNATING CURRENT MOTOR DRIVING SYSTEM

(57) To enable overmodulation control having high
controllability and low noise characteristics. A control de-
vice of an AC motor includes an inverter 3 for driving an
AC motor 4 and a controller 2 for controlling the inverter
3 by pulse width modulation. The controller 2, when
over-modulating the inverter 3, limits the amplitude of the
voltage command in the pulse width modulation to a pre-
determined upper limit value or less.
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Description

Technical Field

[0001] The present invention relates to a control device
and control method for an AC motor that perform over-
modulation control of an inverter for driving the AC motor,
and to an AC motor drive system.

Background Art

[0002] In the fields of home appliances, industries, au-
tomobiles, etc., motor drive devices are used for rotation-
al speed control of fans, pumps and compressors, posi-
tioning control of conveyors and elevators, torque control
of electric power steering, and the like. A permanent mag-
net type synchronous motor (hereinafter referred to as
"PM motor"), which is a compact and highly efficient AC
motor, is widely used in motor drive devices in these
fields.
[0003] In the PM motor, the magnetic flux necessary
for generating the torque is generated by the magnetic
flux of the permanent magnet attached to the rotor. This
eliminates the need for a current for generating the mag-
netic flux and greatly improves the copper loss, so the
PM motor has high efficiency.
[0004] By more effectively utilizing the magnetic flux
of the permanent magnet, the efficiency of the PM motor
is further improved. However, when attempting to effec-
tively utilize the magnetic flux of the permanent magnet,
the induced voltage (speed electromotive voltage) of the
PM motor increases at the same time. This induced volt-
age occurs in principle by the magnetic flux of the per-
manent magnet linking with the stator coil. Therefore, in
order to efficiently drive the PM motor, it is desirable to
use an inverter capable of outputting a voltage as high
as possible.
[0005] However, the magnitude of the fundamental
wave voltage that the inverter can output is limited by the
DC power supply voltage. Particularly in the case of using
vector control which is a high-performance control meth-
od, it is preferable that the inverter is driven with a sinu-
soidal voltage command, and in that case, the maximum
output voltage (fundamental wave voltage) of the inverter
becomes EDC with respect to the DC power supply volt-
age EDC.
[0006] The maximum output voltage of the inverter can
be made larger than EDC by so-called overmodulation
control. In this overmodulation control, the pulse width of
the PWM pulse is widened in the vicinity of the peak value
of the voltage command (modulated wave signal). There-
fore, in a state where the largest voltage is output by
overmodulation, the output voltage waveform of the in-
verter becomes a rectangular wave. By such overmod-
ulation control, effectively, the magnitude of the funda-
mental wave voltage can be increased by about 10 to
20% with respect to the EDC.
[0007] Techniques described in PTLs 1, 2, and 3 are

known as conventional techniques related to the over-
modulation control described above.
[0008] In the technique described in PTL 1, in the over-
modulation control in the asynchronous PWM control,
the modulation rate is changed nonlinearly with respect
to the output voltage command of the inverter. As a result,
the output voltage of the inverter can be linearly controlled
with respect to the output voltage command.
[0009] In the technique described in PTL 2, in the over-
modulation control in the synchronous PWM control, a
d-axis voltage command and a q-axis voltage command
are corrected according to the number of synchroniza-
tions, which is the number of triangular wave carriers per
cycle of the phase voltage command. Thereby, the fun-
damental wave amplitude of the pulse width modulation
voltage can be controlled according to the voltage com-
mand amplitude without causing a beat phenomenon.
[0010] In the technique described in PTL 3, when
switching the inverter from the current control (PWM
modulation control) to the voltage control (rectangular
wave control), the integral term of the integral current
control system is converged to zero and the integral cur-
rent control is stopped, and the inverter is switched to
proportional voltage control using a proportional term. As
a result, it is possible to smoothly switch from the PWM
modulation control to the rectangular wave control.

Citation List

Patent Literature

[0011]

PTL 1: JP H7-194130 A
PTL 2: JP 5002343 B2
PTL 3: JP 2002-325498 A

Summary of Invention

Technical Problem

[0012] In the conventional technique of PTL 1, when
the number of triangular wave carriers per cycle of the
output voltage command of the inverter decreases, the
fundamental wave voltage corresponding to the voltage
command cannot be obtained and the controllability de-
teriorates. Also, with the asynchronous PWM control, a
beat phenomenon may occur.
[0013] In the conventional technique of PTL 2, al-
though the beat phenomenon can be avoided by the syn-
chronous PWM control, the frequency of the carrier signal
is switched so that the cycle of the voltage command
signal is an integral multiple of the cycle of the carrier
signal with respect to the fundamental frequency. For this
reason, a change in electromagnetic noise caused by
frequency switching of the carrier signal may cause dis-
comfort. In addition, since the carrier frequency and the
current control cycle are linked, the degree of freedom
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in setting the control response is limited. For this reason,
controllability deteriorates. Also, when switching the ratio
between carrier frequency and fundamental frequency,
torque shock may occur.
[0014] In the conventional technique of PTL 3, the re-
sponsiveness of the current control system is lowered,
and stability in control is lowered in applications in which
the case where voltage limitation is applied and the case
where it is not applied are repeated.
[0015] Therefore, the present invention provides a
control device for an AC motor capable of overmodulation
control having high controllability and low noise charac-
teristics.

Solution to Problem

[0016] In order to solve the above problems, a control
device for an AC motor according to the present invention
includes an inverter for driving an AC motor and a con-
troller for controlling the inverter by pulse width modula-
tion, wherein the controller limits an amplitude of a volt-
age command in the pulse width modulation to a prede-
termined upper limit value or less when performing over-
modulation control of the inverter.
[0017] In addition, in order to solve the above prob-
lems, a control method for an AC motor according to the
present invention controls an inverter that drives the AC
motor by pulse width modulation, and limits an amplitude
of a voltage command in the pulse width modulation to
a predetermined upper limit value or less when perform-
ing overmodulation control of the inverter.
[0018] In addition, in order to solve the above prob-
lems, an AC motor drive system according to the present
invention includes an AC motor for driving a load, an in-
verter for driving the AC motor, and a controller for con-
trolling the inverter by pulse width modulation, wherein
the controller limits an amplitude of a voltage command
in the pulse width modulation to a predetermined upper
limit value or less when performing overmodulation con-
trol of the inverter.

Advantageous Effects of Invention

[0019] According to the present invention, by limiting
the amplitude of the voltage command in the pulse width
modulation to a predetermined upper limit value or less
when performing overmodulation control of the inverter,
overmodulation control having high controllability and
low noise characteristics becomes possible.
[0020] The problems, configurations, and effects other
than those described above will be clarified from the de-
scription of the embodiments below.

Brief Description of Drawings

[0021]

FIG. 1 shows a configuration of a control device for

an AC motor according to a first embodiment.
FIG. 2 is a vector diagram showing a calculation op-
eration of a voltage command limiting unit.
FIG. 3 shows waveforms of the triangular wave car-
rier and the voltage command, the PWM pulse train,
and the line voltage between the U phase and the V
phase.
FIG. 4 shows waveforms of the triangular wave car-
rier and the voltage command, the PWM pulse train,
and the line voltage between the U phase and the V
phase.
FIG. 5 shows the change in the intersection point of
the triangular wave carrier and the fundamental
wave.
FIG. 6 shows three-phase voltage commands, three-
phase voltage commands on which third harmonics
are superimposed, and a carrier waveform.
FIG. 7 shows an example of the relationship between
gradients of the carrier and the fundamental wave.
FIG. 8 shows an example of the relationship between
gradients of the carrier and the fundamental wave.
FIG. 9 shows a configuration of a voltage limiting unit
of a control device for an AC motor according to a
second embodiment.
FIG. 10 shows a configuration of a controller of a
control device for an AC motor according to a third
embodiment.
FIG. 11 shows a configuration of a current control
unit of a control device for an AC motor according to
a fourth embodiment.
FIG. 12 shows a schematic configuration of an AC
motor drive system according to a fifth embodiment.
FIG. 13 shows a configuration of a hydraulic drive
system according to a sixth embodiment.
FIG. 14 is a block diagram showing a configuration
of a positioning device and a drive device thereof
according to a seventh embodiment.

Description of Embodiments

[0022] Hereinafter, embodiments of the present inven-
tion will be described with reference to the drawings. In
each figure, those having the same reference numerals
indicate the same constituent elements or constituent el-
ements having similar functions.

(First Embodiment)

[0023] The first embodiment of the present invention
will be described with reference to FIGS. 1 to 8.
[0024] FIG. 1 shows a configuration of a control device
for an AC motor according to the first embodiment of the
present invention.
[0025] As shown in FIG. 1, the present embodiment
includes an inverter 3 that applies three-phase AC power
to a three-phase permanent magnet synchronous motor
(hereinafter abbreviated as "PM motor") 4 to drive the
PM motor 4, and a controller 2 that controls the inverter
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3 based on the torque current command Iq* output from
an Iq* generator 1. The inverter 3 has a DC power supply
31 and an inverter main circuit 32 that converts the DC
power of the DC power supply 31 into three-phase AC
power and outputs it to the PM motor 4.
[0026] When the three phase voltages Vu, Vv, Vw out-
put from the inverter are applied, the PM motor 4 is ro-
tationally driven by the magnetic force between the ro-
tating magnetic field generated by the stator winding and
the permanent magnet of the rotor.
[0027] In the present embodiment, the AC motor to be
driven is a PM motor, but it is not limited to this, and other
kinds of AC motors, for example, an induction motor and
a winding field type synchronous motor may be used.
[0028] The inverter main circuit 32 is constituted by a
three-phase bridge circuit including six semiconductor
switching elements Sup, Sun, Svp, Svn, Swp and Swn
(MOSFET in FIG. 1). These six semiconductor switching
elements are on/off-controlled by a gate drive signal out-
put from a gate driver 33 of the inverter 3 in accordance
with the control signal generated by the controller 2,
whereby the DC power of the DC power supply 31 is
converted into three-phase AC power. The controller 2
executes current control based on a current detector 34
provided in the inverter 3, for example, the DC bus current
I0 detected by the shunt resistance.
[0029] The Iq* generator 1 generates the torque cur-
rent command Iq* of the PM motor 4, and it corresponds
to the upper controller of the controller 2. For example,
the Iq* generator 1 functions as a speed controller that
controls the rotation speed of the PM motor 4, and func-
tions as a torque controller that controls the torque of the
PM motor 4 according to the state of the load device such
as a pump.
[0030] The controller 2 executes vector control of the
PM motor 4. The controller 2 includes a current control
unit 5 for controlling a torque current Iq and an excitation
current Id, a voltage limiting unit 10 for limiting the voltage
commands Vd0, Vq0 on the dq coordinates output from
the current control unit 5, a dq inverse converter 11 for
converting voltage-limited voltage commands Vd1, Vq1
on the dq coordinates into the three-phase AC voltage
commands Vu, Vv, Vw, a third harmonic adder 12 for
adding third harmonics to the three-phase AC voltage
commands Vu, Vv, Vw to improve a voltage utilization
factor, a pulse width modulator (PWM) 13 for generating,
by pulse width modulation (PWM), a gate pulse signal
that drives the inverter 3 based on the outputs VuH, VvH,
VwH of the third harmonic adder 12, a current reproducer
14 for reproducing three-phase AC currents Iuc, Ivc, Iwc
from the DC bus current I0 of the inverter 3, a dq converter
15 for converting the reproduced three-phase AC cur-
rents Iuc, Ivc, Iwc into values Id, Iq of the dq coordinate
axes which are the rotor coordinate axes of the PM motor
4, a speed and phase calculator 16 for calculating a ro-
tational speed and a rotational phase angle of the PM
motor 4, and a carrier frequency setting unit 17 for setting
a carrier frequency fc in performing pulse width modula-

tion.
[0031] The current control unit 5 includes a signal
adder 6, an Id* generator 7 for giving an excitation current
command Id* to the PM motor 4, a d-axis current con-
troller (IdACR) 8 for controlling an excitation current (d-
axis current), and a q-axis current controller (IqACR) 9
for controlling the torque current (q-axis current). The d-
axis current controller (IdACR) 8 in the current control
unit 5 generates a d-axis voltage command Vd0 so that
the difference between the d-axis current command Id*
and the d-axis current value Id becomes zero, that is, the
Id approaches the Id*. The q-axis current controller
(IqACR) 9 in the current control unit 5 generates a q-axis
voltage command Vq0 so that the difference between
the q-axis current command Iq* and the q-axis current
value Iq becomes zero, that is, the Iq approaches the Iq*.
[0032] In the present embodiment, the phase current
of the PM motor 4 is detected such that the DC bus current
I0 is detected by the current detector 34 and the phase
current is reproduced by the current reproducer 14 inside
the controller 2, but the phase current may be directly
detected using a phase-current sensor. In the current
reproducer 14, a known one-shunt method is applied.
The speed and phase calculator 16 is a processing unit
of a sensor signal when a rotational phase and speed
sensor is used, and is a position and speed estimating
unit in the case of a position and speed sensorless.
[0033] Next, the operation of the voltage limiting unit
10, which is one feature of the present embodiment, will
be described.
[0034] The voltage limiting unit 10 includes a polar co-
ordinate converter 101 for converting the dq-axes voltage
commands Vd0 and Vq0 into an amplitude V1 and a
phase δ in the polar coordinates, an upper limiter 102 for
limiting the amplitude V1, and an inverse polar coordinate
converter 103 for converting an output value V1L of the
upper limiter 102 and the phase δ output by the polar
coordinate converter 101 into voltage values Vd1, Vq1
in the dq coordinates.
[0035] The polar coordinate converter 101 obtains the
amplitude V1 and the phase δ from Formula (1) using
the voltage commands Vd0, Vq0 calculated by the cur-
rent control unit 5.
[0036] [Mathematical Formula 1] 

[0037] The upper limiter 102 outputs V1 obtained by
Formula (1) as it is (V1L = V1) when V1 does not exceed
a preset limit value V1MAX. Therefore, in this case, the
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voltage commands Vd1, Vq1 output by the inverse polar
coordinate converter 103 are equal to the original voltage
commands Vd0, Vq0, respectively. Also, when V1 ex-
ceeds V1MAX, the upper limiter 102 limits V1 to V1MAX
and outputs it (V1L = V1MAX). In this case, the inverse
polar coordinate converter 103 outputs new voltage com-
mands Vd1, Vq1 different from the original voltage com-
mands Vd0, Vq0.
[0038] FIG. 2 is a vector diagram showing the calcu-
lation operation of the voltage limiting unit 10. In FIG. 2,
the circle drawn by a broken line is a range that limits the
voltage, and the voltage command is limited within this
circle. That is, the size of the radius of this edge is equal
to the magnitude of the limit value V1MAX.
[0039] In the left diagram of FIG. 2, V1 obtained by
Formula (1) exceeds the limit V1MAX (V1 > V1MAX). In
this case, as shown in the right diagram, the amplitude
is changed from V1 to V1MAX without changing the
phase δ and the voltage commands Vd1 (= V1MAX ·
cosδ) , Vq1 (= V1MAX · sin5) which are dq-axes compo-
nents of the vector (V1MAX, δ) are calculated.
[0040] Next, the relationship between the voltage limit
value and overmodulation will be described.
[0041] FIGS. 3 and 4 show waveforms of a triangular
wave carrier (hereinafter referred to as "carrier") and
three-phase voltage commands Vu, Vv, Vw, PWM pulse
trains PU, PV, PW generated by pulse width modulation
(PWM) based on these, and a line voltage between U
phase and V phase. FIG. 3 shows a case of normal PWM
control in which the modulation rate (amplitude of the
voltage command/amplitude of the carrier wave) is small-
er than 1. Further, FIG. 4 shows a case of overmodulation
PWM control in which the modulation rate is larger than
1. As can be seen by comparing FIG. 3 and FIG. 4, in
the case of overmodulation, in PU, PV, PW, a part of the
waveform becomes continuous and the pulse width wid-
ens. Therefore, the distortion of the waveform increases,
but the fundamental wave component included in the
PWM waveform increases, so the output voltage increas-
es.
[0042] In the present embodiment, the degree of over-
modulation is limited by the limit value V1MAX preset in
the voltage limiting unit 10.
[0043] Next, the problem at the time of overmodulation
operation found by the study of the present inventor and
the solution using the limit value V1MAX will be de-
scribed.
[0044] FIG. 5 shows the change in the intersection
point of the triangular wave carrier and the fundamental
wave when the amplitude of the voltage command of the
fundamental wave is changed with the carrier frequency
constant, that is, in the asynchronous PWM control.
[0045] As shown in FIG. 5, at the normal operation re-
gion (modulation rate < 1) (the upper stage in FIG. 5),
the intersection point of the fundamental wave and the
carrier necessarily exists in a carrier half cycle (between
the positive peak and the negative peak), and the sign
of the pulse signal switches at that point. Here, switching

of the sign of the pulse corresponds to switching from
High to Low or switching from Low to High of the PWM
pulse train in FIG. 3.
[0046] When the modulation rate is gradually in-
creased and the overmodulation range (modulation rate
> 1) is entered (middle stage in FIG. 5), the number of
intersection points of the fundamental wave and the car-
rier decreases. However, in the carrier half cycle includ-
ing the zero crossing point of the fundamental wave, the
intersection point is obtained. This balances the positive
side and the negative side of the PWM pulse waveform.
Therefore, although the distortion of the fundamental
wave occurs, the unstable output (current/voltage) wave-
form like the beat phenomenon hardly occurs.
[0047] When the modulation rate is further increased
(the lower stage in FIG. 5), there is a case where the
intersection point of the fundamental wave and the carrier
is not generated even in the carrier half cycle including
the zero crossing point of the fundamental wave. This is
because the gradient of the fundamental wave in the vi-
cinity of the zero crossing point changes more steeply
than the gradient of the carrier. The PWM control based
on the comparison of the fundamental wave and the car-
rier is effective under the condition that the fundamental
wave changes sufficiently gently with respect to the
change of the carrier, and such a condition is satisfied in
the normal operation region. However, when the modu-
lation rate becomes excessive, such a condition is not
established. As a result, the balance between the positive
side and the negative side of the PWM pulse waveform
is lost, pulsation (beat) having lower frequency than the
fundamental wave occurs in the output (current/voltage)
waveform, and the entire control system becomes un-
stable.
[0048] From the study of the problem in overmodula-
tion as described above, in the present embodiment, the
overmodulation control is stabilized by means for limiting
the degree of overmodulation based on the magnitude
relationship between the change rate of the fundamental
wave and the change rate of the carrier. Hereinafter, this
means will be described.
[0049] FIG. 6 shows three-phase voltage commands
Vu, Vv, Vw, three-phase voltage commands VuH, VvH,
VwH on which third harmonics are superimposed, and a
carrier waveform in the present embodiment.
[0050] When the three-phase voltage commands Vu,
Vv, Vw are pure (distortionless) sinusoidal waves, the
gradients of Vu, Vv, Vw become steepest at the zero
crossing point (upper stage in FIG. 6). First, the U-phase
voltage command Vu is expressed by Formula (2).
[0051] [Mathematical Formula 2] 

Here, EDC is the DC power supply voltage [V], Kh is the
modulation rate, and ω is the electrical angular frequency
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[rad/s].
[0052] From Formula (2), the gradient of Vu is ex-
pressed by Formula (3).
[0053] [Mathematical Formula 3] 

[0054] In the present embodiment, in order to improve
the voltage utilization factor, the third harmonics are add-
ed to Vu, Vv, Vw by the third harmonic adder 12 (FIG. 1)
(middle stage in FIG. 6). The third harmonic addition is
a known technique. The U-phase voltage command VuH
(where ωt is in the range of 6 30 degrees) in which the
third harmonic is added to the U-phase voltage command
Vu expressed by the Formula (2) is expressed by For-
mula (4).
[0055] [Mathematical Formula 4] 

From Formula (4), the gradient of VuH is expressed by
Formula (5).
[0056] [Mathematical Formula 5]

Here, f1 is a driving frequency of the PM motor 4, that is,
the fundamental frequency [Hz] (ω = 2nf1).
[0057] From the waveform as shown in FIG. 6 (lower
stage), the gradient of the carrier (Cfc) is expressed by
Formula (6) .
[0058] [Mathematical Formula 6] 

Here, Tc is the carrier cycle [sec-1] , and fc is the carrier
frequency [Hz].
[0059] From the formulae (5) and (6), the condition that
the gradient of the voltage command becomes smaller
than the gradient of the carrier is expressed by Formula
(7).
[0060] [Mathematical Formula 7] 

[0061] As expressed by the Formula (7), the upper limit
of the modulation rate Kh, that is, the maximum voltage
limit value can be increased as the carrier frequency fc
is higher and the fundamental frequency f1 is lower. Ac-
cording to the Formula (7), the limit value KhMAX of Kh
is expressed by Formula (8).
[0062] [Mathematical Formula 8] 

When the third harmonics are not added, KhMAX = (2/n)
(fc/f1), but the point that KhMAX is proportional to (fc/f1)
is the same.
[0063] FIGS. 7 and 8 show an example of the relation-
ship between gradients of the carrier and the fundamen-
tal wave. In FIG. 7, the carrier frequency fc = 12 kHz and
the fundamental frequency f1 = 175 Hz. In FIG. 8, the
carrier frequency fc = 1.61 kHz and the fundamental fre-
quency f1 = 175 Hz.
[0064] As shown in FIG. 7, the gradient of the funda-
mental wave increases as the modulation rate Kh in-
creases, and coincides with the gradient of the carrier
when Kh = 29.1 which is a limiting point of overmodulation
indicated by Formula (7).
[0065] As shown in FIG. 8, when the carrier frequency
is lowered (from 12 kHz to 1.61 kHz) as compared with
FIG. 7, the limiting point of overmodulation decreases to
Kh = 3.90 (in FIG. 7, Kh = 29.1 is the limiting point).
[0066] Based on the above-mentioned means, the
voltage limiting unit 10 (FIG. 1) calculates the limit value
KhMAX of the modulation rate according to the Formula
(8), based on the carrier frequency fc set by the carrier
frequency setting unit 17 (FIG. 1) and the fundamental
frequency f1 calculated by the speed and phase calcu-
lator 16 (FIG. 1), and sets the limit value V1MAX of the
amplitude V1 of the voltage command so that the mod-
ulation rate Kh is equal to or less than the limit value
KhMAX.
[0067] The relationship between V1MAX and KhMAX
is expressed by Formula (9).
[0068] [Mathematical Formula 9] 

[0069] The Formula (9) is a case where the third har-
monic addition is used, and relative conversion is used
for dq conversion. Therefore, by limiting the magnitude
of the voltage command based on the Formula (8) or (9),
stable overmodulation control can be achieved even with
asynchronous PWM control. Therefore, troubles such as
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increase of electromagnetic noise and current ripple due
to change of carrier frequency in synchronous PWM con-
trol hardly occur. Also, since the carrier frequency can
be made constant even in the overmodulation range,
highly responsive control can be realized in both the over-
modulation range and the normal region.
[0070] As described above, according to the first em-
bodiment of the present invention, high controllability and
low noise characteristics are obtained in the overmodu-
lation control of the control device of the AC motor.

(Second Embodiment)

[0071] FIG. 9 shows a configuration of a voltage limit-
ing unit 10B of a control device for an AC motor according
to the second embodiment of the present invention. The
voltage limiting unit 10B has a different configuration from
the voltage limiting unit 10 of FIG. 1. The configuration
other than the voltage limiting unit 10B is similar to that
of the first embodiment shown in FIG. 1. Hereinafter,
points different from the first embodiment will be de-
scribed.
[0072] As shown in FIG. 9, the voltage limiting unit 10B
includes a voltage corrector 104 that performs voltage
correction on the voltage command amplitude V1 which
is the output of the polar coordinate converter 101. The
voltage corrector 104 corrects V1 based on the nonline-
arity in the relationship between the voltage command
amplitude (V1) in the overmodulation range and the out-
put voltage of the inverter 3, that is, the voltage (VIM)
actually applied to the motor. The voltage corrector 104
performs correction using a predetermined table or equa-
tion expressing the relationship between V1 and V1M.
[0073] According to the second embodiment, as in the
first embodiment, high controllability and low noise char-
acteristics are obtained in the overmodulation control of
the control device of the AC motor. Furthermore, since
the error between the voltage command amplitude in the
overmodulation range and the inverter output voltage is
reduced by the above-described voltage corrector 104,
overmodulation control with high precision becomes pos-
sible.

(Third Embodiment)

[0074] FIG. 10 shows a configuration of a controller 2
of a control device for an AC motor according to the third
embodiment of the present invention. This controller 2
has a partially different configuration from the controller
2 of FIG. 1. The configuration other than the controller 2
is the same as that of the first embodiment shown in FIG.
1. Hereinafter, points different from the first embodiment
will be described.
[0075] As shown in FIG. 10, the controller 2 includes
a carrier frequency setting unit 17C that changes and
sets the carrier frequency fc based on the driving fre-
quency of the PM motor 4 (FIG. 1), that is, the fundamen-
tal frequency f1. It should be noted that the voltage cor-

rector 104 changes and sets fc by using a predetermined
table or equation expressing the relationship between f1
and fc.
[0076] The carrier frequency setting unit 17C fixes the
carrier frequency fc at a constant value within a range in
which the fundamental frequency f1 is low and does not
substantially reach the upper limit of the overmodulation,
and sets the carrier frequency fc to be higher than the
constant value within a range in which f1 becomes higher
than the predetermined value and may reach the upper
limit of the overmodulation. According to the above-de-
scribed Formula (8), as the fundamental frequency f1
increases, the limit value (upper limit value) of the mod-
ulation rate decreases. Accordingly, as the fundamental
frequency f1 increases, the upper limit value of the mod-
ulation rate can be maintained at a desired magnitude
by increasing the carrier frequency fc.
[0077] As can be seen from the comparison of above-
described FIGS. 3 and 4, in the overmodulation range,
since the number of switching times of the semiconductor
switching elements constituting the inverter main circuit
decreases, even if the carrier frequency is increased, in-
crease in the power loss of the inverter can be sup-
pressed.
[0078] According to the third embodiment, as in the
first embodiment, high controllability and low noise char-
acteristics are obtained in the overmodulation control of
the control device of the AC motor. Further, even if the
fundamental frequency f1 is increased or decreased by
the above-described carrier frequency setting unit 17C,
it is possible to secure a desired modulation rate in the
overmodulation control.
[0079] It is to be noted that the above-described carrier
frequency setting unit 17C may be applied to the second
embodiment. Also in this case, the above-described ef-
fect can be obtained.

(Fourth Embodiment)

[0080] In the first to third embodiments described
above, the overmodulation control is stabilized by limiting
the amplitude of the voltage command. At this time, the
current control system may cause hunting. For example,
when the voltage applied to the motor by the inverter is
insufficient with respect to the induced voltage of the mo-
tor, a negative excitation current is generated. The cur-
rent controller (especially the d-axis current controller)
operates to control the negative excitation current to zero.
However, if the amplitude of the voltage command is lim-
ited by the limit value at this time, an integral value is
accumulated in an integral term of the PI control (propor-
tional integral controller) in the current controller, and
thus there is a possibility of causing hunting.
[0081] On the other hand, it is conceivable to apply
means for stopping the integral current control by causing
the integral term of the integral current control system to
converge to zero as shown in the above-described PTL
3. However, when the amplitude of the voltage command
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is close to the voltage limit value, since the amplitude of
the voltage command is limited or not limited to the volt-
age limit value, the control system may not be stabilized.
On the other hand, regardless of the presence or absence
of voltage limitation, the control system is more stabilized
by continuous control of current by one means.
[0082] Therefore, in the fourth embodiment, the cur-
rent control is stabilized by adjusting the gain of the cur-
rent controller as described below.
[0083] FIG. 11 shows a configuration of a current con-
trol unit 5D of a control device for an AC motor according
to the fourth embodiment of the present invention. The
current control unit 5D has a configuration different from
that of the current control unit 5 of FIG. 1. The configu-
ration other than the current control unit 5D is the same
as that of the first embodiment. Hereinafter, points differ-
ent from the first embodiment will be described.
[0084] As shown in FIG. 11, in this embodiment, a nor-
mal PI controller is applied to the q-axis current controller
9 which is a torque current controller, and to the d-axis
current controller 8D which is an excitation current con-
troller, unlike the normal PI controller, a controller having
a frequency characteristic in which the DC gain is finite
is applied.
[0085] As a normal current controller, a PI controller
whose DC gain is infinite is applied in order to make the
steady error zero. However, there is a possibility that the
hunting described above may occur when the voltage
limitation is executed. Therefore, in the present embod-
iment, the DC gain of the d-axis current controller 8D is
made finite and a steady-state deviation is left. Although
the steady-state deviation remains, the value can be set
appropriately by adjusting the value of DC gain (ω = 0).
[0086] Here, in the present embodiment, in order to
prioritize the torque control in the overmodulation range,
in the q-axis current control, the torque current deviation
is controlled to zero by the normal PI control. On the other
hand, deviation remains in the d-axis current control, but
since the DC gain is finite, hunting is suppressed and the
control system can be stabilized.
[0087] According to the fourth embodiment, in the over-
modulation control of the control device of the AC motor,
high controllability and low noise characteristics are ob-
tained as in the first embodiment. Furthermore, even if
the execution and release of the voltage limitation are
repeated by the above-described current control unit 5D,
the control system can be stabilized. In addition, the same
current controller can perform stable control in both the
normal region and the overmodulation region.
[0088] Note that the above-described current control
unit 5D can be applied to any of the first to third embod-
iments, and in any case, the above-described effect can
be obtained.

(Fifth Embodiment)

[0089] FIG. 12 shows a schematic configuration of an
AC motor drive system according to the fifth embodiment

of the present invention.
[0090] As shown in FIG. 12, an AC motor drive system
23 includes a PM motor 4 for driving a load (not shown)
(for example, see the sixth and seventh embodiments
described later), and an inverter 3 and a controller 2
housed in a casing of the PM motor 4 for storing a rotor
and a stator. The PM motor 4, the inverter 3 and the
controller 2 are constituted by any one of the control de-
vices of the AC motors of the first to fourth embodiments.
[0091] In the present embodiment, the inverter 3 and
the controller 2 are constituted by integrated circuits and
are mounted on the same substrate. This substrate is
housed in the casing of the PM motor 4.
[0092] The output terminal of the inverter 3 located on
the substrate and the three-phase AC terminals of the
motor 4 are electrically connected by wiring in the casing
of the PM motor 4. As a result, three-phase AC voltages
(Vu, Vv, Vw) are applied to the PM motor 4 from the
inverter 3. A DC terminal for connecting the inverter 3 to
the DC power supply and a terminal for connecting the
controller 2 and the communication line used for com-
munication with the outside are provided on the sub-
strate, and are connected with the DC power supply line
and the communication line, respectively. The DC power
supply line and the communication line are taken outside
the PM motor 4.
[0093] According to the fifth embodiment, if the motor
is connected to the DC power supply and the torque cur-
rent command Iq* is given to the motor from the outside
through the communication line, it is possible to drive the
motor by the overmodulation control having high control-
lability and low noise characteristics. Also, since the mo-
tor current can be reduced by positively using the over-
modulation range, the heat generation amount of the mo-
tor is reduced and the motor can be miniaturized.
[0094] In addition, since the motor and the control de-
vice thereof are integrated, so to speak, a single motor
constitutes the AC motor drive system, the AC motor
drive system can be downsized.

(Sixth Embodiment)

[0095] FIG. 13 shows a configuration of a hydraulic
drive system according to the sixth embodiment of the
present invention. This hydraulic drive system is used for
transmission hydraulic pressure, brake hydraulic pres-
sure and the like inside the automobile.
[0096] In the present embodiment, in order to drive an
oil pump 24 by the PM motor 4, the AC motor drive system
23 (FIG. 12) according to the above-described fifth em-
bodiment is applied. The hydraulic pressure of a hydrau-
lic circuit 50 is controlled by the oil pump 24. The hydraulic
circuit 50 is provided with a tank 51 for storing oil, a relief
valve 52 for keeping the oil pressure below the set value,
a solenoid valve 53 for switching the hydraulic circuit,
and a cylinder 54 for operating as a hydraulic actuator.
[0097] The oil pump 24 is driven by the AC motor drive
system 23 to generate hydraulic pressure and drives the
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cylinder 54. In the hydraulic circuit 50, as the circuit is
switched by the solenoid valve 53, the load of the oil
pump 24 is changed, and load disturbance occurs in the
AC motor drive system 23. In the hydraulic circuit 50, a
load several times or more may be applied to the steady
state pressure. On the other hand, according to the
present embodiment, by effectively utilizing overmodu-
lation, it is possible to increase the output of the motor,
and a robust hydraulic drive system capable of reliably
continuing the control of the hydraulic pressure even un-
der a large load fluctuation can be obtained.
[0098] In the present embodiment, the AC motor drive
system 23 is applied to drive the oil pump, but the present
invention is not limited to this, and the AC motor drive
system 23 can also be applied to drive other liquid pumps
such as a water pump.

(Seventh Embodiment)

[0099] FIG. 14 is a block diagram showing a configu-
ration of a positioning device and a drive device thereof
according to the seventh embodiment of the present in-
vention.
[0100] As shown in FIG. 14, the positioning device 70
is mechanically connected to the PM motor 4 as a load
and driven by the PM motor 4. The positioning device 70
is a position setting device for an object whose position
moves using a ball screw or the like, for example, and
the setting position θ is controlled so as to match the
position command θ*. As the drive device of the position-
ing device 70, any one of the control devices of the AC
motors of the first to fourth embodiments is applied.
[0101] In the present embodiment, the torque current
command Iq* is created by the speed controller 1E. The
speed controller 1E calculates Iq* so that the deviation
between the speed command ωr* calculated by a sub-
tracter 6E and the motor speed ω1 detected or estimated
by the controller 2 approaches zero. The speed com-
mand ωr* is created by the position controller 71, which
is a higher-level control device. The position controller
71 calculates the speed command ωr* so that the devi-
ation between the position command θ* calculated by the
subtracter 6E and the position θ set by the positioning
device 70 becomes zero.
[0102] According to the present embodiment, since it
is possible to effectively utilize the overmodulation range,
higher response positioning control can be realized. In
addition, since the occurrence of instability phenomena
during overmodulation is suppressed, the operation of
the positioning device is stabilized and the noise can be
reduced.
[0103] The seventh embodiment described above may
be applied to position control of elevator cars and the like.
[0104] It should be noted that the present invention is
not limited to the above-described embodiments, but in-
cludes various modified examples. For example, the
above-described embodiments have been described in
detail in order to explain the present invention in an easy-

to-understand manner, and are not necessarily limited
to those having all the described configurations. Further,
other components may be added to, deleted from, or re-
place a part of the configuration of each embodiment.
[0105] For example, in the above embodiment, the
synchronous PWM control may be applied. In addition
to a MOSFET, an Insulated Gate Bipolar Transistor (IG-
BT) or the like may be applied as the semiconductor
switching element constituting the inverter circuit.
[0106] Further, the application range of the control de-
vice of the AC motor is not limited to the above-mentioned
pump (hydraulic pump, water pump) and positioning de-
vice, but also various kinds such as a compressor, a spin-
dle motor, an air conditioner, a conveyor, an elevator, an
extruder, or a machine tool.

Reference Signs List

[0107]

1 Iq* generator
1E speed controller
2 controller
3 inverter
4 PM motor
5, 5D current control unit
6 adder
6E subtractor
7 Id* generator
8, 8D d-axis current controller
9 q-axis current controller
10, 10B voltage limiting unit
11 dq inverse converter
12 third harmonic adder
13 pulse width modulator
14 current reproducer
15 dq converter
16 speed and phase calculator
17 carrier frequency setting unit
17C carrier frequency setting unit
23 AC motor drive system
24 oil pump
31 DC power supply
32 inverter main circuit
33 gate driver
34 current detector
50 hydraulic circuit
51 tank
52 relief valve
53 solenoid valve
54 cylinder
70 positioning device
71 position controller
101 polar coordinate converter
102 upper limiter
103 inverse polar coordinate converter
104 voltage corrector
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Claims

1. A control device for an AC motor comprising:

an inverter for driving an AC motor; and
a controller for controlling the inverter by pulse
width modulation,
wherein the controller limits an amplitude of a
voltage command in the pulse width modulation
to a predetermined upper limit value or less
when performing overmodulation control of the
inverter.

2. The control device for an AC motor according to
claim 1, wherein the predetermined upper limit value
is set according to at least one of a carrier frequency
in the pulse width modulation and a driving frequency
of the AC motor.

3. The control device for an AC motor according to
claim 1, wherein
a carrier frequency in the pulse width modulation is
made constant, and
the predetermined upper limit value is set according
to a driving frequency of the AC motor.

4. The control device for an AC motor according to
claim 1, wherein when the amplitude of the voltage
command is the upper limit value, a gradient at a
zero crossing point of the voltage command is equal
to a gradient of a carrier in the pulse width modula-
tion.

5. The control device for an AC motor according to
claim 1, wherein a relationship between a modulation
rate Kh, a carrier frequency fc of the pulse width mod-
ulation, and a driving frequency f1 of the AC motor
is expressed by Formula (1).
[Mathematical Formula 1] 

6. The control device for an AC motor according to
claim 1, wherein the controller corrects an amplitude
of the voltage command based on a nonlinear rela-
tionship between the amplitude of the voltage com-
mand and an output voltage of the inverter in the
overmodulation control.

7. The control device for an AC motor according to
claim 1, wherein the controller sets a carrier frequen-
cy in the pulse width modulation to a constant value
until a driving frequency of the AC motor reaches a
predetermined value, and when the driving frequen-
cy of the AC motor exceeds the predetermined value,
increases the carrier frequency above the constant

value.

8. The control device for an AC motor according to
claim 1,
wherein the controller includes:

a torque current controller for controlling a
torque component of an output current of the
inverter; and
an excitation current controller for controlling an
excitation component of an output current of the
inverter, and
wherein a DC gain of the excitation current con-
troller is finite.

9. A control method for an AC motor which controls an
inverter that drives the AC motor by pulse width mod-
ulation, the control method limiting an amplitude of
a voltage command in the pulse width modulation to
a predetermined upper limit value or less when per-
forming overmodulation control of the inverter.

10. An AC motor drive system comprising:

an AC motor for driving a load;
an inverter for driving the AC motor; and
a controller for controlling the inverter by pulse
width modulation,
wherein the controller limits an amplitude of a
voltage command in the pulse width modulation
to a predetermined upper limit value or less
when performing overmodulation control of the
inverter.

11. The AC motor drive system according to claim 10,
wherein the inverter and the controller are housed
in a casing of the AC motor.

12. The AC motor drive system according to claim 10,
wherein the load is a liquid pump.

13. The AC motor drive system according to claim 10,
wherein the load is a moving object and the controller
controls a position of the moving object.
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